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Specification 



I. Title of the Invention 

Small-Size Electronic Device 

II. Claims 

A small-size electronic device which has an LSI with electrode terminals, a display device 
with electrode terminals, multiple key operating parts, batteries for the power source and printed 
wiring boards made by providing: 

a first printed wiring board consisting of a flexible insulating member where conducting leads are 
fitted, electrically connected to electrode terminals of LSI and a display device, 
a second printed wiring board consisting of a connecting means for electrically connecting the 
electrode terminals of the LSI and the display device to the conducting leads of the first printed wiring 
board, and 

a flexible insulating member fitted with conducting leads which form key input contacts 
corresponding to each of the multiple key operating parts, and electrically combined with the first 
printed wiring board to form a key input circuit, 

a conductive elastic member arranged apart from the key input contacts of first printed wiring board, 
an insulating layer separated from the key input contacts of the second printed wiring board and the 
conductive member between the second printed wiring board and the conductive member in a 
touchable way, and 

a case member which holds the first printed wiring board and the LSI and display device connected to 
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the first printed wiring board and which holds the key input contacts of the second printed wiring 
board and the conductive member in a touchable and separable way by a pressing operation. 

o 

III. Detailed description of the invention 

The present invention relates to a small-size electronic device, e.g., small-size electronic type 
computer and small-size electronic game, etc. 
[Prior art] 

In a small-size electronic device having key operating parts, internally arranged various 
electronic components such as LSI and display device, etc. are fitted to connecting terminals that are 
pre-printed and wired on an expensive rigid board provided with key input contacts. 

[Problems of prior art] 

However, the rigid board had no flexibility and electronic components were different in shape, 
thickness, etc., respectively, and a case forming the external appearance of an electronic equipment 
was made into the shape of a box covering the periphery of the largest and thickest components, 
creating a thick case having a large space. As described, this has a problem that the shape and 
structure of the case and support member are complicated because of the large space inside the case, 
with problems relating to cost reduction and improvement of production efficiency. 
[Purpose of the invention] 

The present invention was made in view of the above actual circumstance, and has as its 
objective to provide a small-size electronic device which effectively accomplishing thinning, has a 
simple structure and is also effective in terms of cost reduction and improved production efficiency. 

[Summary of the invention] 

In summarizing the small-size electronic device of present invention (without restriction), the 
device comprises an electronic device fitted with an LSI, a display device, key operating parts, power 
source batteries and printed wiring boards; an LSI, and display device, etc. are connected to a first 
flexible printed wiring board, and a second printed wiring board formed with key input contacts is 
combined with said first flexible printed wiring board, a flexible conductive member is opposite to 
the second printed wiring board via an insulating layer, the flexible member and various electronic 
components are held by case members, and the key input contacts of the second printed wiring board 
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and the conductive member are made touchable/separable by pressing operation. Thinning and a 
simple structure is accomplished by using a printed wiring board connected to various electronic 
components and key input switch constituents as flexible members to enable them to be in line with 
the case member. 

[Embodiment] 

An embodiment of the small-size electronic device of present invention is described hereafter 
with reference to the drawings. 

The embodiment shows a small-size electronic calculator as a small-size electronic device 
wherein Fig. 1 is an exploded oblique view, Fig. 2 is a plane view showing a printed wiring board in 
which printed wires are applied to a flexible synthetic resin film arranged inside a case, Fig. 3 is a 
plane view showing the details of a movable contact applied to the printed wires, Figs. 4(a) ~ (c) are 
process drawings for forming a movable contact projection in the synthetic resin film, Fig. 5 is a 
cross-sectional view showing the state of fitting various electronic components on the printed wiring 
board, and Figs. 6(a) and (b) are state diagrams showing the operation at the time of pressing the 
movable contact proj ecti on. 

In Fig. 1, a reference symbol 1 represents a printed wiring board arranged in a case. The 
printed wiring board is formed by a flexible insulating synthetic resin film, e.g., polyester, vinyl 
chloride or polyimide, etc., as shown in Fig. 2, two-split movable contact electrodes 3, key input lead 
wires 4 connected to the movable contact electrodes 3, terminals 5 for multi-layer wiring of the 
key-input lead wires 4, terminal groups 8 provided around a portion where an LSI (a large-scale 
integrated circuit) performing various computations with a signal from the above movable contact 
electrodes 3 and incorporated with a computing circuit for outputting the results is mounted 
(illustrated by a broken line) and connected to the above key-input lead wires 4, power source lead 
wires 6 and display lead wires 7, power switch connecting terminals 9 connected to one lead wire 6a 
of the above power source lead wire 6, power connecting terminals 10 connected to the other lead 
wire 6b of the above power source lead wire 6 and the above power switch connecting terminals 9, 
terminal groups 11 connected to the above display lead wires 7 and provided around a portion where 
a display device of liquid crystal, etc. is mounted (illustrated by a one-chain line) are printed and 
wired with a metallic foil of copper or aluminum, etc. on one side of the printed circuit board 1. 
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In the above two-split movable contact electrode 3, as shown in Fig. 3, a roughly semi-arclike 
electrode 3a of a larger diameter and an electrode 3c of a smaller diameter comprising a circle 
concentric with the electrode 3a extend from one lead wire 4a of key input lead wires 4 while holding 
electric insulation from the other lead wire 4b, and a roughly semi-arclike electrode 3b concentric 
with the above electrodes 3a, 3c extend between the above electrodes 3a, 3c from the other lead wire 
4b while holding electric insulation from one lead wire 4a and the electrodes 3a, 3c. Electrodes 3a, 
3c and point symmetry electrodes 3d, 3f extend to the virtual center point 0 of each semi-arclike 
electrode while holding electric insulation from one lead wire 4a and extending from the other lead 
wire 4b, the above electrodes 3a, 3c and a point symmetry electrode 3e extend from wire 4a to the 
virtual center point 0 while holding electric insulation from the above electrodes 3d, 3f and the other 
lead wire 4b. 

The movable contact electrodes 3 and at least a portion excluding the terminals 5, 8, 9, 10, 11 
are appropriately insulated and as shown by 5a, 5b in Fig. 1, the terminals 5 for multilayer wiring 
arranged laterally in close vicinity to each other are properly electrically connected, a prescribed 
circuit pattern being further formed by the appropriate insulation of the connections. 

Multiple movable contact projections 15 protruding upward are formed on the flexible 
printed wiring board 1, and a process for protrusion forming the movable contact projections 15 is 
described with reference to Figs. 4(a), (b) and (c). 

As shown in Fig. 4(a), a flexible printed wiring board 1 is mounted on a metal die 12 having 
a dome-like recess 13 for molding the projected shape of printed wiring board 1 in a prescribed 
location so that the synthetic resin film 2 side is opposite to the above metal die 12 and a movable 
contact electrode 3 is received in the above recess 13 (the above virtual center point 0 preferably 
conforms with the center of the plane of the dome-like recess 13), a metal die 14 that has a projection 
of the same type as the above dome-like recess 13 in a male-female relationship to the dome-like 
recess 13 is pressed from the printed wiring surface side into the dome-like recess 13 while being 
heated, and a portion provided with the movable contact electrode 3 of flexible printed wiring board 
1 is formed as shown in Fig. 4(b). After the molding of printed wiring board 1 is finished by the 
above process, the state of removing the metal dies 12 and 14 is shown in Fig. 4(c). 
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Although the formation of a movable contact projection 15 is shown in Figs. 4(a) ~ (c), 
multiple movable contact projections 15 are formed simultaneously by the process. 

The flexible printed wiring board 1 is thus constructed, a display device 17 is attached to one 
side of the printed wiring board 1, and various electronic components, such as LSI 16 and power 
source switch 18, etc., are attached to the other side. The electrode terminals of respective electronic 
components (non-illustrated) are mounted to prescribed positions of printed wiring board 1 and 
fastened by soldering. 

In other words, the LSI 16 where all circuits necessary for computations are constructed by 
one chip is attached to a portion enclosed by a dotted line in Fig. 2 by matching of positions of the LSI 
input/output terminals and electrically combioned with the above terminal groups 8. The terminal 
groups 8 (connected to the display lead wires) are exposed on a face where the terminal groups 8 are 
not printed by properly notching the periphery of multilayer wiring or the above terminal groups 8 
based on a suitable means, e.g., through-hole treatment and folding respective terminal groups 8 so 
that they are opposite to the synthetic resin film, bringing the terminals of display device 17, e.g., 
liquid crystal, etc. into electrical contact. Moreover, a hole through which a power source switch, e.g, 
a slide switch, etc., may be inserted, is provided in the vicinity of terminals 9 for connection of the 
above power source switch, a switch 18 is inserted into the hole, and the power source is input or 
shielded by allowing a contact 19 provided in the switch 18 to connect or disconnect from the 
terminals 9 for connection of the above power source switch. 20 in Fig. 5 is an insulating layer 
provided by the above-mentioned insulation treatment. Numbers such as 1, 2, 3, etc. or operational 
signs such as +, - x, etc. may be directly printed on the above movable contact projections 15 
formed by the above protrusion molding. 

In Fig. 1, 21 is an upper case, such through-holes 22 for exposing the movable contact 
projections 15 of printed wiring board 1 out of the upper case 21, such a through-hole 24 for exposing 
an operating knob 23 of the switch 18 out of the case and a display window 25 corresponding to a 
display device 17 are provided at prescribed locations, respectively. A fixed contact plate 26 made of, 
e.g., a conductive rubber, is fitted at a position corresponding to the movable contact electrodes 3 in 
the movable contact projections 15 via an insulating layer 20. 28 is a lower case having a relatively 
shallow bottom 29 and a relatively deep bottom 30, the relatively shallow bottom 29 is used to 
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reliably expose the movable contact projections 15 to the outside of the upper case 21, and the 
relatively deep bottom 30 is made so that button-type batteries 27 or LSI 16 may be housed. The 
button-type batteries 27 housed in the lower case 27 (sic; 28?) are connected to the power source 
connection terminals 10 of printed wiring board 1 by proper wiring and supply power. 

Namely, the upper case 21 and the lower case 29 (sic; 28?) are combined by housing the 
printed wiring board 1 consisting of a flexible synthetic resin film fitted with electronic components 
such as LSI 16, display device 17, etc., the fixed contact plate 26 consisting of a conductive elastic 
member and the power source batteries 27 connected to the power source terminals 10 of printed 
wiring board 1, the display device 25, the operating knob 23 of power source switch 18 and the 
movable contacts 15 are exposed out of the through-holes 25, 24 of the upper case 21 in the combined 
state, respectively, and the internal electronic components are fixed. 

In the small-size electronic device thus constructed, actions of pressing the movable contact 
projections 15 to operate the keys are described with reference to Figs. 6(a) and (b). 
The protrusion molded movable contact proj ections 15 are exposed from the through-holes 22 of 
upper case 21 by their own shape in the common state, as shown in Fig. 6(a), and the movable contact 
electrodes 3 are in a state separated from the movable contact projections 15. 

If the movable contact projection 15 is operated by pressing, the movable contact projection 
15 is pressed down against its own elastic force and comes into the through-holes 22 of upper case 21, 
as shown in Fig. 6(b), the movable contact electrode 3 and the fixed contact plate 26 are brought into 
electrical contact, electrodes 3a, 3b, 3e and 3b, 3d, 3f of the movable contact electrode3 become 
short-circuited, and a signal is given/received between the lead terminals 4a and 4b to perform a 
desirable input. At this time, bouncing of the movable contact is absorbed by the elasticity of the fixed 
contact plate 26 and chatter is reliably prevented. 

If the pressing force against the movable contact projection 15 is removed, the movable 
contact projection 15 returns to its original position due to its own elastic force with the movable 
contact electrode 3 being apart from the fixed contact plate 26 as shown in Fig. 6(a). 

Although the movable contact electrodes and terminals connecting various electronic 
components were provided on a synthetic resin film in the above embodiment, they may also be 
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provided on separate synthetic resin films, the synthetic resin films may also be properly electrically 
connected with each other, and the terminals connecting the movable contacts, fixed contacts and 
various electronic components may also be provided on the same synthetic resin film. 

Although conductive rubber was described by using it on the fixed contact plate in the above 
embodiment, it is not limited thereto, and a suitable thin elastic conductor may also be used. 

Although an example was described where the movable contacts were protruded and the 
movable contact electrodes were directly pressed, the present invention is not limited thereto, and 
they may also be pressed by separately provided key buttons. 

In addition, although the example of applying the present invention to an electronic calculator 
was described in the above embodiment, the present invention is not limited thereto, for example, it 
may also be applied to a variety of electronic equipment performing various inputs with switches, for 
example, an electronic watch or push phone, etc.In short, various modified applications are possible 
in a range in which the substance of present invention does not deviate. 

[Efficacy of the invention] 

As is evident from the above description, the small-size electronic device enables properly 
flexing the printed wiring board according to the thickness and mounting position of electronic 
components, making the electronic equipment thinner with a marked effect in terms of cost reduction 
and improved production efficiency as an electronic equipment with a case having a simple internal 
structure because various electronic components are connected to a flexible printed wiring board. 

IV. Brief description of the drawings 

All the drawings relate to the small-size electronic device of present invention. Fig. 1 is an 
exploded oblique view of the small-size electronic device; Fig. 2 is a plane view showing a printed 
wiring board where printed wiring is applied to a flexible synthetic film arranged inside cases; Fig. 3 
is a plane view showing details of a movable contact applied to the printed wiring board; Figs. 4(a) 
~ (c) are process drawings for molding a movable contact projection on a synthetic resin film; Fig. 5 
is a cross-sectional view showing a state of mounting various electronic components to the printed 
wiring board; Figs. 6(a) and 6(b) are state diagrams showing actions at the time of pressing the 
movable contact projections of synthetic resin film. 
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